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Abstract: An instrument i s  described which uses the  phenomenon of nuclear 
magnetic resonance absorption f o r  the r e l a t i v e  measurements of weak inhomog- 
eneous f i e l d s .  The instrument contains an automatic trimming c i r cu i t .  The 
m a x i m u m  magnitude of the  difference in the  magnetic f i e l d  i n t e n s i t i e s  which 
i s  measurable is  

measurement accuracy is  - +(3-4) percent of AH . Measurements were performed 
a t  

= + 5 percent of the f i e l d  t o  be measured. The "max - 
Ho = 150 Oe . 

Introduction 

It is  of ten necessary t o  know the exact d i s t r ibu t ion  of the  d i r ec t  

magnetic f i e l d  in a number of physical invest igat ions and i n  solving ce r t a in  

engineering problems. 

I n  the  instrument t o  be described below, the measurement of t he  d i f fe r -  

ence i n  the  magnitudes of the  magnetic f i e l d  i n t e n s i t y  a t  two points  reduces 

r̂, and ?r* Of 
t o  t he  measurement of t he  difference i n  the frequencies 

two high-frequency generators which are trimmed automatically a t  the frequency 

% 
magnetic f i e l d  t o  be measured. 

of the precession of the nucleus of the substance i n  the pick-off i n  the 

A s  i s  known [q, when signal absorption i s  manifest, the value of the  - 
generator frequency i s  close t o  the Larmor precession frequency 

where 7 is  the gyromagnetic ra t io .  

An automatic frequency control c i r cu i t ,  i n  terms of the m i n i m u m  s ignal  

t o  be controlled, is  introduced in the instrument in order t o  m&e the  gener- ~ 

a tor  frequency control '  automatic and i n  order t o  accelerate  the measurement 

process. 

An a l te rna t ing  f i e l d  with amplitude Hm small i n  comparison t o  the 
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signal  absorption 

the measurements. 

first harmonic is  

of t h i s  component 

l i n e  width is superimposed on the Ho f i e l d  l e v e l  during 

Hence, a periodic s ignal  appears a t  the output and i t s  

discriminated by the phase detector. 

i s  used t o  control the frequency of the high-frequency 

The r e c t i f i e d  voltage 

generator. The magnitude and sign o f  the  control voltage are determined by 

the magnitude and sign of the detuning Aa = a. - 9. 
The instrument is  not needed in the preliminary ca l ibra t ion  and it per- 

mits absolute and r e l a t ive  measirements' t o  be-made wiCh a high degree of 

accuracy and a small expenditure of time. 

The instrument w a s  developed t o  measure the in jec t ion  f i e l d  d is t r ibu t ion  

eV synchro-cyclotron (Ho = 150 Oe) of the electrbmagnet df the '10 m i l l i a r d  

of t he  Acad. of Sciences, USSR. 

1. Description of the instrument 

The instrument consis ts  of three components of which two are fundamental 

and ident ica l .  Each fundamental component consis ts  of a se l f -osc i l la tor  with 

a pick-up, a low-frequency a m p l i f i e r ,  a phase detector  with a f i l t e r  and a 

reactance tube. 

a mixer and a 'sign c i r cu i t ' .  

The auxi l ia ry  component had an audio frequency generator, 

The block diagram of the instrument is shown on f igure  1. The f i e l d  

pick-ups 1 are placed i n  the magnetic 

f i e l d  t o  be measured. 

consists of an inductance co i l  of the 

tuned c i r c u i t  of a generator with 

self-exci ta t ion 2 and of an ampoule 

with a paramagnetic substance within 

Each pick-up 

Figure 1. Instrument block 
diagram the co i l .  The pick-up is connected 

t o  the generator 2 by a 20 m long cabla RK-50 . A modulation c o i l  9 , 
t o  which a voltage from the audio frequency generator 6 i s  fed, is i n  sez"ies 
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with the pick-up. 

The nuclear resonance signal i s  detected in the g r i d  c i r c u i t  of the 

osc i l l a to r  tube, is  amplified by the narrow-band law-frequency amplifier w 

and presented t o  the phase detector 

the audio generator 6 i s  a l s o  fed t o  the l a t t e r .  

,!I . A modulating frequency voltage from 

Ln order t o  increase the signal-to-noise r a t i o  and t o  discriminate the 

voltage of the f i rs t  signal harmonic, a narrow-band amplifier w i t h  a negative 

feedback c i r cu i t  i n  the form of a double T -bridge tuned t o  an f = h25 cps 

frequency (pass-band - + 15 cps) i s  used. 

tuned t o  the amplifier resonant frequency. 

The audio frequency generator i s  

The phase detector output i s  connected t o  the control grid of the react-  

ance tube 5 through a two-section RC f i l t e r .  The f i l t e r  serves t o  e l i w  

inate  self-exci ta t ion of the locked automatic trimming system and t o  decrease 

the e f f e c t  of interference.  

depending on the magnitude and sign of 

Y-”L The generator frequency var ies  so t h a t  

Aa . 
The steepness of the modulation charac te r i s t ic  of the reactance tube 

a?!? 
auC 
- is  - 7  k c / V  a t  fo = 650 kc (Ho = 150 Oe) and the frequency deviation 

i s  

t h i s  detuning range. 

- 25 kc ( - + 2 2 fo  ) . The dependence A? = f ( Uc) is  l i n e a r  enough i n  

The high-frequency voltage of each generator proceeds through the cathode 

f o l l m e r  along a cable t o  the mixer 

i n  the frequencies of both generators 

magnitude of t h i s  difference i s  measured by a pointer frequency meter 

The frequency-meter scale can be calibrated i n  AH or H % units. The 

sign of the difference (the frequency of which generator i s  higher) i s  indic- 

7 in which the modulus of the  difference 

is  discriminated. The - qi‘ 
I&-5 . 

AH 

ated by the zero-instrument 

input receives the control voltages from the outputs of both the phase 

8 connected t o  the output of  a c i r c u i t  whose 
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detectors.  

i v i t y )  t o  the -0.25 Oe f i e l d  difference. 

The zero-instrument f u l l  scale corresponds ( f o r  maximum sens i t -  

D i s t i l l ed  water ( Y  = 2.67.10' Oe/sec f o r  protons) i s  used as the  para- 

magnetic substance of the  pick-up, A s m a l l  quantity of k C 1 2  (concentration 
" 

of the bC12 solution 45*10-' molar ) was added in  order t o  decrease the  

relaxat ion time. The organic glass ampoule had a 1 7  mm diameter, was  40 mm 

long and the g lass  was 0.5 mm thick. The c i r c u i t  qua l i t y  was Q = 120 . 
The pick-up and the  modulation c o i l  are housed i n  a rectangular brass  box 

which serves as an e l e c t r i c  screen ( f ig .  2) 

The high-frequency osc i l l a to r  consisted of a s ingle  6H9 t r iode  tapped- 

capacitor o s c i l l a t o r  with a grounded p l a t e  [2]. 

i tudes  of the high-frequency osc i l la t ions  and, therefore,  the  generator sens- 

i t i v i ty  were regulated by a potentiometer varying the magnitude of the feed- 

back. 

s i m i l a r  c i rcu i t s :  the presence of two terminals a t  the loop inductance with 

one grounded; the s implici ty  of regulating the  s e n s i t i v i t y  ( the  magnitude of 

the feedback) and one tube performs the  function of a high-frequency osc i l l -  

a tor ,  detector and  law-frequency amplifier. A vacuum-tube voltmeter with a 

microammeter i n  the p l a t e  c i r c u i t  is used t o  indicate  the amplitude of the 

generator osc i l la t ions .  

The magnitude of the  ampl- 

Such a generator c i r c u i t  possesses a number of advantages over other 

The low signal l eve l  and the high gain (-lo6 ) required the use of a 
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number of measure6 t o  attenuate the a l te rna t ing  current background: the  tube 

p l a t e s  were supplied from an electronical ly  s t ab i l i zed  r e c t i f i e r  guaranteeing 

a -10 mV pulsat ion leve l ;  the heater c i r c u i t s  weesupplied from a d i r e c t  

current source. 

Only the audio generator voltage w a s  detected a t  the phase detector out- 

put  i n  the case of control s igna l  absence. 

of the  reactance tube and i s  used as a referent% voltage.. An additional. 

phase s h i f t  r e l a t i v e  t o  the  modulating voltage appears when a signal. voltage 

passes through the  amplifier channel. 

this e f f e c t .  

of s igna l  voltage values. 

and s ign  of  Aw , i s  connected into the phase detector c i r c u i t .  Normal 

operation of the automatic frequency control system can be judged by i t s  

readings and i n  what p a r t  of the charac te r i s t ic  

point of the reactance tube found. 

switch t o  lock the  regulat ion c i r cu i t  when tuning the instrument and the 

generator input i n  the automatic trimming band. 

This voltage w a s  fed t o  the gr id  

A phase inverter  i s  used t o  compensate 

The phase detector  charac te r i s t ic  is l i n e a r  i n  a la rge  range 

A pointer instrument, which indicates  the magnitude 

Aw = f (U ) is the  operating 
C 

Provided i n  the instrument i s  a toggle 

The instrument i s  formed as two separate blocks connected by a coaxial 

cable which can be tens  and even hundreds of meters long. This permits rel- 

a t ive  measurements t o  be made between two points  separated by a considerable 

distance.  

2. Pkasurement accuracy 

The error  i n  measuring the difference in t h e  f i e l d  i n t e n s i t i e s  at  two 

poin ts  is determined by the e r ror  introduced by the  regulat ion loop, by the  

i n s t a b i l i t y  of the c i r c u i t  parameters and by the  c l a s s  of accuracy of t he  

poin te r  instrument, 

It i s  convenient t o  i l l u s t r a t e  the instrument operation graphical ly  

( f i g .  3) as a regulat ion system, where 1 is  the reactance tube charac te r i s t ic ;  
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2 is  the  

f o r  Uc = 

values of 

frequency 

discriminator character is t ic ;  

0 ;  w a re  the frequencies corresponding t o  the  resonance 

a re  the generator frequencies 
9 1 , 2  

Ply 2 
the  H f i e l d s ;  w are the frequencies t o  which the high- V 

p1,2 1 9 2  
generators are tuned i n  the presence of t he  difference frequency 

- 0  I .  
= ' 9 1 , 2  P1,2 

Although the discriminator i n t r i n s i c a l l y  is  the pick-up substance, i . e . ,  

the apparatus giving a s ignal  on t h e  presence of the detuning 

magnitude and sign, a l l  the  elements of the  c i r c u i t  from the pick-up t o  the 

phase-detector f i l t e r  inclusively are understood t o  be the  discriminator i n  

t h i s  case. 

Aw , i t s  

The regulat ion e r ror  f o r  j o in t  operation of two automatic trimming 

systems can be determined from 

f igure  3: 
a - 1  6 0  = + - Am ( 2) - p2 

: krt I ' d1,2 1 , 2  
T..k nnn m r1,2 = 1 + 'k 
W l L S i l  b 

are the regulat ion coeff ic ients  of 

p2 

P1 
each system; a = - ; 
is  the t ransfer  coeff ic ient  of the  Figure 3 

i s  the discriminator t ransfer  coeff ic ient .  
reactance tube; kd = f(2) 

The expression ( 2 )  determines the regulat ion coef f ic ien t  p2 f o r  admiss- 

i b l e  values of a and given 6w and Bo . According t o  the condition, the 

regulat ion e r r0  should not exceed + 2 and AHm = f 5 % Ho . - - 
1 If the difference i n  the magnitudes of t h e  regulat ion coeff ic ients  

and p2 is not  la rger  than 10 %, , then the regulat ion e r ro r  will not 

exceed a given magnitude f o r  p2 = 60 and p1 = ( 0 . 9 - 1 . 1 ) ~ ~  . 

p 

I n  order t o  explain the regulation accuracy, a family of charac te r i s t ics  

6f = V(Af) was recorded f o r  several values of the  high-frequency voltage on 
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on the generator c i r c u i t  (Uko) ( f i g .  4). The nonl inear i ty  of the  character- 

"4 
Kc 

i s t i c  6w = CP(A*a) is  r e l a t ed  t o  the 

dependence of t he  

Aa . 
the regulat ion e r ro r  f o r  

is  1-2 % of the quant i ty  t o  be 

measured over the  whole detuning 

range 

and kd on kr t 
It follows from f igure  4 t h a t  

Uko = 1.6 V 

Adp1@ p2 = 100-60) . 
An analytic expression i s  ci ted 

i n  [3J f o r  the t ransfer  coef f ic ien t  

of a pick-up - generator system which 

defines the  fundamental f ac to r s  Figure 4. Dependence 6f  = Q( Af) : 

- for 'ko = lo9 ; * - = '; influencing regulat ion accuracy. 3 - uko = 1.6 vk? 
Mechanical tuning of the high- 

frequency generator displaces the  curve 1 ( f ig .  3 )  along the  frequency 

axis. 

The small variable condenser of the  generator loop a l t e r s  the frequency 

by 2 5 7 with the regulat ion loop  open, which extends the measurement 

limits t o  Ho = 150 Oe . 
When the  magnetic f i e l d  i s  stable,  the whole var ia t ion  of 9 ( the  

p l a t e  voltage var ia t ion,  the high-frequency cable parameters, the noise volt- 

age presented t o  the discriminator along with the signal, e tc . )  causes a 

s igna l  detuning which returns  the frequency t o  i t s  previous value ( f ig .  3).  

The effect iveness  of such f i e l d  s tab i l iz ing  act ion on y is  determined by 

the  regulat ion coefficient p Consequently, the measurement e r rors  caused 

by the  var ia t ion  of the tube regions a n d  by the i n s t a b i l i t y  of the c i r c u i t  

parameters are  negl igibly s m a l l .  

The e r ror  of t he  measuring instrument - the pointer  frequency meter, 
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ICh-5 - is - + 2 of the  nominal scale value. The frequenqy-meter sensi t -  

ivity, referred t o  AH , is - + 0.4% , i.e., l i e s  below the measurement 

e r rors .  Hence , the  usual measurement e r ro r  a t  H = 150 Oe i s  - +( 3-4) 1 of 

the  magnitude of t he  f i e l d  difference AH t o  be measured. The absolute 

measurement accuracy i s  of t h e  order of + 0.01 % 
3 .  Instrument operation 

. - 

The instrument was t es ted  i n  measuring the s p a t i a l  d i s t r ibu t ion  of the  

magnetic f i e l d  i n  the gap of one of the blocks of the  electromagnet of the 

synchro-cyclotron of the  AN USSR . Shown on f igure 5 ,  as an i l l u s t r a t i o n ,  

Figure 5. FA< 

k 

d i s t r ibu t ion  curves 

is one of the curves obtained 

( a ) .  

obtained w a s  made by comparison 

with the  f i e l d  d i s t r ibu t ion  

curve of t h i s  same electromagnet 

block recorded by using a bal l -  

i s t i c  galvanometer (curve b ). 

Both cwves are i n  good agreement. 

The check of the  r e s u l t s  

of one of the  blocks of the synchro-qydotron 
electromagnet recorded: a - using the instru- Tes t ing  of the instrument 
ment described; b - a b a l l i s t i c  galvanometer.shmed that a significsnt level 

of acous t ic  and e l e c t r i c  noise does not a f f e c t  the  measurement accuracy and 

speed. The instrument guarantees a higher masurement r a t e  than the b a l l i s t i c  

galvanometer . 
Conclusion 

The instrument described above, can be used i n  labora tor ies  as  w e l l  as 

i n  industry when a considerable volume of measurements must be made. 

An increase in measurement accuracy can be obtained by using a reading 

instrument of the 0.5-1.0 

These measures can guarantee an accuracy of up t o  

class and by increasing the t ransfer  coeff ic ient .  

+(O.s-l.O) % AH . - 
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The operating pr inciple  of the instrument ( automatic frequency control 

of the  generator according t o  the f ie ld  i n t e n s i t y  magnitude a t  the pick-up 

locat ion)  permits measurement resu l t s  of the spa t i a l  f i e l d  d is t r ibu t ion ,  its 

t i m e  character is t ics ,  e tc .  t o  be recorded automatically on a measuring chart. 

The authors thank Prof.  V. A. Petukhov f o r  a number o f  valuable remarks 

while discussing t h i s  work and A. N. Zinevich fo r  par t ic ipa t ing  i n  production 

of the instrument. 

June 1, 1956 
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